ABSTRACT. Roundup Ready ® technology adoption and the cultivation of a second crop have changed chemical control methods and weed management in the southwest region of Goiás State, Brazil. Considering these changes, this study aimed to perform a phytosociological survey in areas with glyphosate resistant soybeans and conventional soybeans as the main harvest and sorghum, maize, millet or fallow in succession as the second harvest. A multivariate matrix of the floristic composition was constructed, and the indicator values of the individual number and dry biomass of species were measured. Based on the number of individuals, the species Chamaesyce hirta, Bidens subalternans, and Cissampelos ovolifolia were typical of areas cultivated with glyphosate-resistant soybean, while Euphorbia heterophyla presented indicator values of areas with conventional soybean cultivation. During the second harvest period, significant indicator values were observed for Crotalaria spectabilis in maize areas, Cenchrus echinatus in sorghum, and Commelina benghalensis, Sida glaziovii, Ipomoea grandifolia, Sida rhombifolia, and Ipomoea cordifolia in areas with millet. The species Conyza bonariensis was typical in the period before the herbicide application at post-emergence in harvest. Volunteer soybean presented as typical for the period before the herbicide application at postemergence in the second harvest. Weeds that were difficult to control or were tolerant and resistant to the herbicide applications were recorded in the areas studied.
Introduction
Soybean varieties genetically modified for resistance to glyphosate have been available for Brazilian agriculture since 2005. These cultivars have been developed to increase productivity and resistance to various factors, such as use of herbicides, diseases and lodging. However, the use of these cultivars has changed chemical control methods and the management of spontaneous plant communities in different farming systems (Balbinot Jr. & Veiga, 2014) .
With the use of Roundup Ready ® technology, chemical control mechanisms have a unique action mechanism from glyphosate, which directly influences the establishment of weed plants. This herbicide has a wide action spectrum with favourable environmental characteristics and is effective at weed control. However, in less than a decade, this technology's efficiency has been endangered by the occurrence of weed species that are tolerant and/or resistant to applications of this herbicide (Webster & Sosnoskie, 2010) .
Changes in production systems regarding crop and management practices may influence weed species diversity (Clements, Weise, & Swanton, 1994) . In American agriculture, the conversion of conventional tillage systems to no-till systems and the intensive use of glyphosate in transgenic cropping has significantly influenced the composition and populations of weeds (Swanton, Clements, & Derksen, 1993; Shaner, 2000) .
According to Culpepper, et al. (2006) , some strategies are necessary for mitigating the changes in the weed community resulting from the cultivation expansion of materials resistant to glyphosate, such as associating the herbicides with an action method other than glyphosate; rotating cultivars that are resistant to glyphosate with conventional cultivars; and rotating glyphosate with other herbicides with different action mechanisms.
In addition to its use post-emergence in crops with induced resistance, glyphosate is widely used in desiccation operations in pre-planting. Herbicides used in management before crop sowing for the formation of dry biomass on the soil surface are important tools in no-tillage systems, especially desiccants considered to have no residual effects, such as glyphosate and paraquat (Carvalho & Velini, 2001) . However, studies have found that in notillage systems, some invasive species, such as Spermacoce latifolia, Synedrellopsis grisebachii, Commelina benghalensis, and Tridax procumbens, have been selected because of successive glyphosate applications in Cerrado agricultural areas (Procópio, Menezes, Betta, & Betta, 2007) . Other weed species were also reported as tolerant to this herbicide: Ambrosia artemisiifolia (Kapusta, et al., 1994) , Sesbastiania exaltata, Ipomoea spp. (Jordan & Christoffoleti 1997; Lich, Renner, & Penner, 1997) , and Apocynum cannabinum, Asclepsias syriaca (Wyrill & Burnside, 1976) . Until 2016, thirty-six species of weeds resistant to glyphosate in the world had been reported. In Brazil, there are six confirmed resistant biotypes: Chloris elata, Conyza canadensis, Conyza bonariensis, Conyza sumatrensis, Digitaria insularis, and Lolium multiflorum (Heap, 2016) .
In the south-western Goiás State region, notillage systems with cultivation of two annual harvests are predominant. Soybean is cultivated at the beginning of the rainy season, with maize, sorghum and millet in succession in the second season (off-season), which provides dry biomass production on the soil surface after harvest. Soybean cultivation and crops in the second harvest influence weed establishment, because implementation of diversified cropping systems reduces selection pressure favouring populations of specific weeds and subsequently decreasing the probability of changes in weed flora (Liebman & Dyck, 1993) .
Considering the changes in cropping systems in relation to chemical control methods and management from the adoption of soybean cultivars genetically modified for resistance to glyphosate, this study had the objective of performing a phytosociological survey in areas of glyphosate resistant soybean and conventional soybean as main harvest and sorghum, maize, millet and fallow as second crops in the southwestern Goiás State region.
Material and methods
The studies were conducted in Goiás Southwest region, in agricultural areas of Rio Verde, Santa Helena de Goiás, Montividiu, and Santo Antonio da Barra municipalities, in the crop year of 2012/2013, from June 2012 to July 2013.
Regarding the Köppen and Gêiser classification, sites present AW climate (tropical climate without precipitation in winter), with average temperatures from 23.0 to 24.3°C and average annual rainfall from 1,510 to 1,663 mm, with the highest concentration in summer. Winters are dry with mild temperatures and no rain from May to September. Soil of the region is Red Latosol distroferric and Red dystrophic (Santos et al., 2011) .
Phytosociological surveys were conducted in seven production systems (treatments) with five repetitions at different properties, which had at least three consecutive years of implementation, totalling thirty-five agricultural areas (Table 1) . These properties use predominantly the soybean cultivar modified for resistance to glyphosate with Roundup Ready technology (RR soybean) and conventional soybean as the main crop, with successions of maize, sorghum and millet or fallow in the second crop.
The field survey was conducted in three evaluation periods: before desiccation for soybean crop deployment; prior to the first herbicide application at post-emergence in soybean crops at 20 days after sowing; and prior to herbicide application at post-emergence 20 days after second crop deployment, or in a fallow area. Weeds were inventoried from the random release of a hollow frame (0.5 x 0.5 m) in sample areas and phytosociological analysis was based on BraunBlanquet (1979) methodology.
Acta Scientiarum. Agronomy, v. 40, e33049, 2018 in total) in 2,100 sampled frame-inventories. Weeds present in frames were cut close to the soil and transferred to the laboratory for identification and individual number accounting for each species. After botanical identification, they were placed in paper bags to determine shoot dry mass by drying in forced ventilation at 65°C for 72h and weighing on a precision scale.
Field data were processed from PC-ORD Software (McCune & Mefford, 2011) . A multivariate matrix for each response variable descriptor of weed floristic composition in the areas studied was formed. Relative structural descriptors (frequency, abundance and indicator value) for shoot dry mass and individual number of species were calculated.
Indicator species analysis was used (Dufrene & Legendre, 1997) to statistically evaluate the occurrence of weed species typical of a certain condition (treatment). This analysis calculates an indicator value, derived from the product between frequency and relative abundance, which is tested regarding statistical significance by Monte Carlo test (p < 0.05). As the results of this type of analysis are comparative, the RR soybean + fallow treatment was excluded due to lack of a conventional soybean + fallow treatment for occurrence categorizing. Only indicator values of species are presented in tables.
Results and discussion
Individual numbers and shoot dry biomass were used in an analysis of species occurrence (Table 2 ). In total, 79 species of weeds were inventoried. The variation in the number of individuals and shoot dry biomass among the evaluation periods was observed and showed predominantly higher values in the period before management desiccation for soybean sowing.
The species Ageratum conyzoides, Brosimum gaudichaudii, Digitaria ciliares, Hyptis lophanta, and Neea theifera had occurrences of less than 5% and were automatically deleted by the software.
In the comparative data of the number of individuals between soybeans genetically modified for resistance to glyphosate and conventional soybeans, the C. hirta species presented a significant indicator value (VI: 49, p: 0.01) as a typical occurrence in areas cultivated with RR soybean (Table 3) . Bidens subalternans (VI: 35) and Cissampelos ovolifolia (VI: 11) are indicative of RR soybean areas, and Euphorbia heterophyla (VI: 5) is indicative of conventional soybean areas. Those species showed marginally significant indicator values (p < 0.10). However, it is worth noting that these very low indicator values were observed for C. ovolifolia and E. heterophyla (Table 3 ). The marginal significance of C. ovolifolia was because, although all recorded subjects of this species have been observed in RR soybean, these were found in only 11% of plots under this type of soybean. E. heterophyla, accounted for 80% of counted subjects that were observed under conventional soybean, however being in only 27% of evaluated plots under this type of soybean this relative frequency contributed to the low indicator value.
Regarding the weed dry biomass for the two types of soybeans, only C. hirta (VI: 51, p: 0.01) and B. subalternans (VI: 38, p: 0.04) had indicator value for areas cultivated with RR soybean (Table 3) . From the total shoot dry mass obtained from C. hirta, 74% was found in areas of RR soybean and 26% in areas of conventional soybean. B. subalternans data show that 71% of shoot dry mass was found in areas of RR soybean and 29% where conventional soybean was cultivated. Regarding the relative frequency of B. subalternans, its presence was observed in 53% of samples from areas of RR soybean but only 29% of samples from conventional soybean areas.
Eleusine indica (VI: 34) and C. ovolifolia (VI: 11) species showed marginally significant indicator values (p < 0.10), being more typical in areas under RR soybean (Table 3) . However, it is worth noting the very low indicator values observed for C. ovolifolia, as already reported when the data were analysed regarding number of individuals. For E. indica, 67% of recorded shoot dry mass was observed in RR soybean, often in 51% of evaluated samples. By using shoot dry mass for this type of analysis, no species showed as typical from environments cultivated with conventional soybeans.
In the comparative analysis for the number of individuals in relation to the second crop, it is noticed that only C. spectabilis had a significant indicator value (VI: 13, p: 0.03) for areas with maize as second harvest (Table 4 ). This result is mainly due to the relative abundance data on this species, because 100% of individuals were detected in areas cultivated with maize in the off -season. This variable was strong enough to promote significance because this species was observed in only 13% of the samples in maize areas. In general, traditional cultures deficient in soil plant cover such as maize result in increased presence of weeds (Concenço, Ceccon, Correia, Leite, & Alves, 2013) . Even though maize can produce significant amounts of dry mass, the coverage provided by this culture may be deficient because the biomass is significantly concentrated in stems with few leaves covering the soil to prevent germination and seedling growth (Andrade, 1995) . In addition, high temperatures and humidity increase decomposition rates in the Cerrado region.
Based on Monte Carlo testing, it was significant, as typical for millet areas, for the following species (Table 4 ). This demonstrates the increased population of broadleaf weeds in millet fields due to the reduced use of herbicides in the study areas. However, millet, despite its high growth rate, is less efficient at invasive suppression due to its erect subshrubby development, reducing the coating capacity of the soil surface. Another factor that decreases millet's efficiency is its slow initial growth favouring weed competition (Alvarenga, Cabezas, Cruz, & Santana, 2001 ). GD: group of dominance of specie -DP: standard deviation -P*: probability -MC: Monte Carlo test.
The predominant and typical species of sorghum areas was C. echinatus (VI: 41, p: 0.02). The lack of graminicides and selectivity for sorghum may be associated with this result. Regarding reduced weed populations in the three analysed crops, maize and millet showed greater diversity and number of individuals. The presence of sorghum straw on the soil surface plays an important role in weed control due to physical and allelopathic effects (Theisen, Vidal, & Fleck, 2000; Alvarenga et al., 2001; Favero, Jucksch, Alvarenga, & Costa, 2001) , allowing reduction or even cessation of herbicide use. However, the smallest species diversity in sorghum areas may be associated with higher selection pressure with few dominant species in the analysed areas.
Concerning dry biomass, also in relation to the type of cultivation in off-season, only C. spectabilis had a significant indicator value for maize areas based on dry weight of shoots, with the same indicator value and significance level (VI: 13, p: 0.03) ( Table 4) . In maize crops, at Sete LagoasMinas Gerais State, Oliveira, Alvarenga, Oliveira, and Cruz (2001) reported the occurrence of D. horizontalis, C. echinatus, Urochloa plantaginea, Setaria. geniculata, Ipomoea sp., Euphorbia spp., R. brasiliensis, B. Pilosa, and A. conyzoides species. These data were similar to this study except for U. plantaginea, S. Geniculata, and A. conyzoides, which did not occur in the areas of second-crop maize in this survey.
For millet areas, the typical species were C. benghalensis (VI: 48, p: 00.1), S. glaziovii (VI: 37, p: 0.01), I. cordifolia (VI: 27, p: 0.01), S. rhombifolia (VI: 21, p: 0.02), and C. bonariensis (VI: 20, p: 0.04) (Table 4) . According to Pasqualetto, Costa, Silva, and Sediyama (2001) , when using millet as a second crop culture there is a prevalence of dicotyledonous weeds in crops in sequence. This may be associated with non-use of herbicides in millet, or even with late applications, in which some species are not controlled.
In sorghum areas C. echinatus had the highest indicator value, being the only species with validation by Monte Carlo test as typical of this environment (VI: 51, p: 0.02). The results confirmed that C. echinatus is the most difficult weed to control in sorghum crops due to the low control efficiency of atrazine for this species, one of the few herbicides available for use on this crop. C. echinatus, besides being an important weed both in summer and in "off -season" crops, is one of the more difficult plants to control in sorghum and millet crops (Duarte, Silva, & Deuber, 2007; Abit, et al., 2009) . Moreover, it is also a problem in the Cerrado region due to its restrictions or even the absence of herbicides recorded with selective graminicide action for these crops (Dan et al., 2011a) .
Regarding the number of individuals and seasons of the survey, a greater number of individuals was verified in the first evaluation, a period that preceded pre-planting desiccation (Table 5) .
Typical species for the period prior to desiccation for soybean planting or early spring were: A. tenella The occurrence of these species may be associated with the capacity for survival and multiplication in the fallow period that extends from the second crop harvest until desiccation of main crop. In the second seasons of the survey, in the period that precedes the spraying of herbicides on soybean crops at post-emergence, C. bonariensis was the only species with indicator validated by Monte Carlo test (VI: 17, p: 0.05). Due to the use of glyphosate in desiccation and multiplication of C. bonariensis biotypes with herbicide resistance, this species has been highlighted in soybean areas cultivated with varieties resistant to this herbicide, which may be associated with its occurrence in the areas of the study. This reflects the need for changes in management and control practices to reduce the occurrence of this species (Vargas et al., 2013) .
Glycine max (VI: 90, p: 0.01) and I. cordifolia (VI: 26, p: 0.01) were typically occurring species in the period from the beginning of the second harvest. Problems with infestation of volunteer soybean plants in offseason crops have been intensifying in recent years, resulting in concerns related to the empty sanitary period. Often the need to perform harvesting in a short time, due to the installation of off -season crops, even in the rainy season with the occurrence of crop losses, has helped to aggravate this problem, thus enabling soybean to be invasive in second harvest crops. Atrazine has been the most suitable agent for the control of volunteer soybean plants (Dan et al., 2011b) , whereas most of the agricultural areas are cultivated with modified soybeans for resistance to glyphosate. The species I. cordifolia has been characterized as tolerant to several herbicides, including glyphosate, which enables this species to multiply and increase its population in the off -season.
Regarding the comparative description of dry biomass in relation to the seasons of the survey, in the first evaluation (before desiccation for soybean seeding) the species A. tenella (VI: 30, p: 0.02 (Table 5 ).
In the second evaluation (before application of herbicides at post-emergence), the indicator value was lower compared to the first epoch, and it could have been influenced by lower developmental stage of weeds, thus less dry biomass formation by weeds. However, this hypothesis seems to have had no great influence, because the analysis using shoot dry weight showed the same result as the analysis performed by plant counting. Among the species with predominance in group two, only C. bonariensis presented significance to be identified as typical of this time of occurrence (VI: 20, p: 0.02).
Voluntary soybeans were again characterized as typical weeds in the off-season period in analyses performed based on shoot dry weight (VI: 90, p: 0.01) ( Table 5 ). It is clear that the number of species found considerably decreased over the evaluation periods, with stabilization occurring and permanence of some species between the second and third time. This can be explained due to the differences in chemical control performance and soil coverage by soybean. Before the first assessment or any chemical weed control was carried out, at this period areas are discovered without agriculture presence for a longer time. Furthermore, decomposition rates of dry biomass for the Cerrado region are high, showing poor surface soil coverage under no-tillage systems in this region.
Conclusion
The Alternanthera tenella, Chamaesyce hirta, Cenchrus echinatus, Conyza bonariensis, Glycine max, Commelina benghalensis, Sida glaziovii, and Praxelis pauciflora species were the most abundant in number of individuals and dry biomass of shoots regardless of the type of soybean, off -season crop type or assessment time. Chamaesyce hirta and Bidens subalternans are typically from genetically modified soybeans. Cenchrus echinatus showed indicator values in sorghum growing areas off season based on the number of individuals and the shoot dry mass. Regarding the other crops, Crotalaria spectabilis is typical for maize, and Commelina benghalensis, Sida glaziovii, Ipomoea grandifolia, Sida rhombifolia, Ipomoea cordifolia, and Conyza bonariensis are typical for millet. The desiccation period prior to soybean sowing had the greatest number of species. The species Commelina benghalensis and Cenchrus echinatus are widely distributed in Southwest Goiás State and were recorded in all production systems during the three evaluation periods.
